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1.0 What is Risk Assessment?

To evauate the potentid for various levels of air toxics to cause disease or to damage the
environment, scientists and government officials use atool caled “risk assessment”. Using theserisk
assessments and other factors, we can set regulatory standards to reduce exposures to toxic air
pollutants and reduce the risks of experiencing hedth problems or environmental damage. This report
attempts to give abroad overview of risk assessment and how it gpplies to assessing risks associated
with ar toxics. More detailed technical discussions of risk assessment methods are al'so available (e.g.,
EPA, 1993).

11 Human Health Risk

A human hedlth risk assessment ST
combines three types of information: (1) Assessment
the type and severity of adverse effects o aﬁﬁﬁn?if%&%:d L
that can be caused by the pollutant, (2) envionmert,and o
the exposure (“dose’) of a pollutant Hazard \Reople cxpocedo | Risk

Characterization

*What is the extra risk of
health problems in the

estimated to cause adverse effectsin Identfication

What health effects

laboratory animals or humans, and (3) the are caused by

the pollutants?

exposed population?

Dose-Response

level of exposure people are estimated to -
receive from the source of the pollutant. 9 whaaete f
From thisinformeation, we estimate the different exposures?
risk of health problems posed by the

The 4-Step Risk Assessment Process is a tool to evaluate

pollutant exposure (i.e. additiona to other the potential for observed levels of toxics to cause disease
contributorsto the risk of that problem).

Although there is alarge amount of uncertainty associated with the estimates provided by these risk
assessments, they often represent the best tool available to help scientists evaluate the risks associated
with emissions of toxic air pollutants (USEPA, 1991).

1.2 Ecological Risk

Ecologica risk assessment is a process that evauates the likelihood that adverse ecologica
effects may occur or are occurring as aresult of exposure to one or more chemicals or other stressors.
The ecologica risk assessment framework (as shown in figure below) congigts of three major e ements,
problem formulation, andyss and risk characterization.
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The didtinctive nature of
the ecologicd risk framework
results from three differencesin
emphasis rdative to previous risk
assessment agpproaches. First,
ecologica risk assessment can
consder effects beyond those on m m
individuas of asngle speciesand
may examine population,
community, or ecosystem
impacts. Second, there isno one
Set of assessment endpoints
(environmenta vauesto be
protected) that can be generdly
gpplied but are selected form a
large number of possibilities N AV
based on both scientific and
policy consderations. Findly, a
comprehensive gpproach may go
beyond the traditiond emphasis

on chemica effects to condder
the effects of nonchemical FRAMEWORK FOR ECOLOGICAL RISK ASSESSMENT

Ecological Risk Assessment

PROBLEM FORMULATION

Characterization Characterization
of of

Exposure Ecological
Effects

nNn_n<r-rrzr

RISK CHARACTERIZATION

grrs’ Source: EPA, 1992a

Ecologica risk assessment may evauate one or many stressors and ecologica components. As
with human hedlth risk assessment, an ecologica risk does not exist unless (1) the stressor hasthe
inherent ability to cause one or more adverse effects and (2) it co-occurs with or contacts an
ecological component (i.e.,, organisms, populations, communities, or ecosystems) long enough and at
sufficient intengity to dicit the identified adverse effect (USEPA, 19923).

Ecologicd risk may be expressed in avariety of ways. While some ecologicd risk assessments
may provide true probabilistic estimates of both adverse effects and exposure e ements, others may be
deterministic or even quditative in nature. In these cases, the likelihood of adverse effects is expressed
through a semi-quantitative or quditative comparison of effects and exposure.
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2.0 Hazard Identification
- What health problemsor adver se environmental effects are caused by HAPSs?

There are two key parts to hazard identification: (1) identifying potentid hazards, and (2)
weighing the evidence of whether or not a particular hazard is likely to be of practica sgnificancein
terms of public hedth or the well being of the environment. Both €ements require a combination of
knowledge and judgement. The spectrum of undesired effects of pollutantsis broad and can cause
numerous types of hedlth effects of varying severity depending on the exposure route and level of
exposure or dose (Klaasen et d., 1986). A single pollutant may cause mutliple effects. In the hazard
identification process, we judge the likeihood of a paollutant causing various hedth effectsin humans by
congdering what is known about how the pollutant will behave when it enters the body and what harm
It Can cause. In the next Sep (Ca“aj dOSG-qu)Oﬂ%) A wide range of effects are possible from exposure to toxicants
we describe the characteristics of the exposure which -- the type and degree of effects depends on the potency,
may |ew to harm, |nC|Ud| ng the route Of eXpOSJre, the exposure concentration and dose, and time of exposure
Sze of exposure and the duration of the exposure (e.g.
ingestion of 500 milligrams of the pollutant over 2
weeks).

Environmentd effects are discussed in section
25. Mog of the discussion in the other subsections of
this section 2, while having some gpplication to hazard
identification for ecological species, is specific to Iritation
human hazard identification.

Defects,
Miscarri-,

2.1 What types of information are considered in assessing potential hazards of a chemical?

In determining a chemica’ s potentid to do harm, scientists rely on severd different types of
information. These datainclude (1) epidemiologica studies of hedth effects occurring in human
populations (e.g., the genera population, or workers exposed in the workplace), (2) case reports that
document human expaosure incidents (e.g., accidenta releases or poisonings), (3) responses of
volunteer human subjects in carefully-controlled laboratory exposures, (4) results of |aboratory studies
on animds, (5) results of “test-tube’ studies using cdll cultures or fragmented cdlls, and (6) predictions
by computer models or professiona judgment based on knowledge of smilar substances.

Thisinformation, generdly obtained from reports published in highly regarded scientific journds,
varieswiddy in the types of effects reported and in the time scale of the exposure. Reported effects
include death or life-threatening diseases such as cancer, serious chronic diseases such as kidney
disease, and lessimmediately serious, reversible effects such as eyeirritation. Exposures may include
periods ranging from afew minutes to an entire human or animd lifetime.

Human studies, conddered the most useful for predicting headth effects, often suffer from
undocumented exposure levels and uncontrolled confounding factors (factorsthet play arolein
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producing the same response as the chemica being studied)®. Toxicity studies with laboratory animals
avoid these limitations by using precise doses (exposures) and eliminating confounding factors.
However, it is not possible to be fully certain that humans will react in the same way as test species
(usudly rodents). Also, asthe objective in anima dudiesisto evauate achemica’s hazard potentid,
higher exposures than those that humans get from the environment are often ddliberately used in order
to (1) see what type of hedth effects a particular chemica can cause when it exhibits itstoxicity and (2)
to increase the likdihood of observing effects which might be rare in amuch larger population. These
high-dose results must then be extrapolated to estimate potentid effects at lower exposures.

“Test tube’ sudies have the dua advantages of taking little time to perform and of producing
gpecific information on how substances interact with cells and even molecules, to cause damage. When
relying on this type of datato infer what effects these interactions will have on whole organisms,
accompanying information on the response of the whole organism is a'so needed in order to judge its
relevance to an adverse effect on that organism and to humans.

2.2 How do HAPs behave in the body?

Once a pollutant enters the body viathe lungs, digestive system or skin, it may stay where it
entered, be exhaed or diminated, or move into the blood. Although each HAP may do some of each,
the chemica characterigtics of the HAP determine which isthe principa behavior. For example, when

asbegtosisinhaed, itstendency is

Po.IIl:tafnts e?tetr thfhbodytthrgugihd toremaininthe Iungs Benzene, Ft)nce a polluttr?nt enrt]erst ttrrlle l‘;)oiy
point of contact with contaminate . . . it can move throughout the body
environmental media (e.g., breathing air) however, exists pri mally asagess to specific target organs

and, when inhded, iseadly
absorbed into the lung (and some
benzene will dso be exhded). As
it moves around the body, a
pollutant can undergo chemica
changes, especidly asit passes
through the liver, sometimes
becoming less toxic and sometimes
becoming moretoxic. Oncein the
body, some HAPs are transported
to and stored in bone, or fat.
HAPs gtored in fat may, in persons
experiencing rapid weight losses, be released back into the body’ s circulation where they may pose
harm. These stored HAPs may aso be released into the breast milk of nurang mothers.

2.3Many HAPs May Cause Cancer

'For example, astudy may draw conclusions about achemical exposure's contribution to lung cancer risk
without having adequate information about the levels of the chemical in the air or without separating the study
population into smokers and non-smokers).
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A mgor determination made during the hazard identification step concerns a substance' s
potentia to cause cancer in humans. This determination, which involves considering (or weighing) all
the avallable evidence, is cdlled the “weight of evidence’. This determination is complicated by possble
inadequacies of the published studies as well as differences in body processes between people and
laboratory animds. EPA follows detailed guideines describing how evidence for carcinogenicity should
be evaluated, and substances placed in one of five broad categories: known carcinogen, probable
carcinogen, possible carcinogen, no evidence for carcinogenicity, and evidence for non-carcinogenicity
(EPA. 1986). Draft revisonsto these guidelines (EPA, 1996a) specify the need to consider the
evidence more comprehensively and to more completely describe the context of achemicd’s
carcinogenic potentia (e.g. likely carcinogenic by inhdation and not likely carcinogenic by ora
EXposure).

About haf of the HAPs have been classfied by EPA as“known”, “probable’ or “possble’
human carcinogens. Known human carcinogens are those which have been demondtrated to cause
cancer in humans. Examples of these include benzene, which has been shown to cause leukemiain
workers exposed over severa years to certain amountsin their workplace air, and arsenic which has
been associated with lung cancer in workers at metad smdters. “Probable’” human carcinogens are
those chemicals for which testing in two anima species indicates cancer causing potentiad yet human
cancer dataare sparse or lacking. “Possble’ human carcinogens include chemicas about which we are
less certain asto their potentid to cause cancer in people, yet for which laboratory anima testing
demonstrated some type of cancer response. It isimportant to realize that the weight-of-evidence
determination concerns only the strength of the supporting database for carcinogenicity. In the dose-
response anaysis the data are eva uated and the chemica’ s cancer-causing potency is estimated (see
section 3.2). Inthat step, it is possible for a substance considered only a possible carcinogen to be
assigned, based on the data available, a higher carcinogenic potency vaue than a known carcinogen.
The two pieces of information must both be cons dered when assessing potentia hedlth risks of the
chemicdl.

The International Agency for Research on Cancer (part of the World Hedlth Organization)
makes Smilar determinations on a chemica’ s carcinogenic potentia that EPA often usesin risk
assessments involving substances that EPA has not yet evauated.

2.4 HAPs also Cause Health Effects Other Than Cancer

There are different hedlth effects which under certain circumstances may be caused by HAPS,
These include cancer, neurological, cardiovascular, and respiratory effects, effects on the immune
system and reproductive system and effects on fetd and child development. HAPs differ in the hedlth
effects which may occur, aswell as the circumstances under which these various health effects may
occur. Additionally, the severity of effect may vary among HAPs and with the exposure circumstances.
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Exposures to toxicants can result in anumber of different effects of varying severity where
impairment of organs or biologica systems may or may not affect the overal hedth of the organism (as
shown in the figure to the right). Individuals may
not show any signs of toxicity at low exposures

because the body has the ability to detoxify or Whether an efffect is adverse or not
compensate for exposures to pollutants, or is dependent on the continuum
because multiple cdls perform the same function. of severity of noncancer effects

However, a acertain level the body can no
longer accommodate or compensate for the
exposure to pollutants and physiologica changes
can be observed. Initidly these physiologica
changes (e.g., changesin enzyme levels or lung
function) may not affect the overd| hedth of the
organism. However, alarge change may be
considered adverseto health. Asdoseor
exposure further increases, the body’ s protective
mechanisms continue to bresk down, and clinica
or pathologica changes can be observed (e.g., Non-Adverse Effect

Death

Disease

;

Adverse Effect

INDIVIDUAL DISABILITY

Disturbed Function

damage to tissues, decreases in function, and g — -
severeirritation). As exposure further increases, oo oo o
individuas begin to exhibit obvious clinicd effects and Adaptation

which includes obvious illness, requirement for ORGAN SYSTEM IMPAIRMENT

medicine or need for hOSpltdlZ&tl on. Source: EPA, 1993

Some hedlth problems occur very soon after a person inhales atoxic air pollutant. These
immediate effects may be serious, such aslife-threatening lung damage, or they may be minor, such as
watery eyes. Minor effects can, under some circumstances, contribute to more serious risk of harm
(e.0. experiencing eye irritation while driving a car may increase one s risk of an automobile accident).
Hedth problems which are usually associated with long-term exposures may develop dowly over time
or may not gppear until many months or years after a person's first exposure to the toxic air pollutant
(e.g. cancer).

Some HAPs pose particular hazards to people of a certain age or stagein life (e.g. asa
developing fetus, young child, adolescent, adult, or elderly person). For example, some HAPs (eg.
mercury) are developmentdly toxic. Exposure to certain amounts of these chemicas during the
development of afetus or young child can prevent normal development into a hedth adult. Other
HAPs are reproductive toxicants, i.e. they may have the potentid to affect the ability of adultsto
conceive or give birth. One example of thisis ethylene oxide, occupationa exposure to which has been
associated with increased miscarriages in exposed workers, and which has been shown to affect both
ma e and fema e reproductive ahilities in laboratory anima exposures. Additionaly, there are certain
segments of the population such asthe dderly or asthmeatics, which due to differences from the generd
population in how their body’ s biological processes react to chemica exposures, may be more sengtive
or susceptible to hedlth effects from HAP exposure.

7
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2.5 Environmental Effects of HAPs

Toxic pollutantsin the air, or deposited on soils, vegetation or surface waters, can aso pose
harm to plants, wildlife and aguatic animds. The effects on a population of wildlife species may be
direct or, because of the interrel ationships among species in an ecosystem, may be indirect.—Both direct
and indirect effects may occur within the same time frame of exposure, but indirect effect tend to be
long lasting and can persst well after the direct effects have been diminated.

Direct effects are those involving achemica exerting toxicity on individua members of acertain
population or populations. Aswith people, direct effects to animas carrinclude death, cancer,
reproductive effects, immunologica effects, metabolic/enzyme effects, impaired growth and
development, and neurologica/behaviora effects, etc. An extreme example of adirect effect might be
degths of waterfowl caused by an accidenta release of an extremely toxic chemical. HAPswhich
accumulate in plant and animd tissue provide awel known example of adirect harmful effect on
wildlife. During the 1950s and 1960s, DDT built up in the wild food chain such that it caused thinning
of eggshells of top predators such as bald eagles and brown pdicans, which dramaticaly reduced the
birds hatching success. The nationd populations of these birds plummeted, driving them to the brink of
extinction.

Indirect effects can move dong any of the pathways connecting the directly affected
population with the other populations in an ecosystem. These indirect effects occur throughtbiological
interaction of one or more species populations withindividuas or populations which have been directly
exposed. For example, exposure to atoxic air pollutant may cause adverse effects on one or more
species of microscopic agae, bacteria, or fungus can adversdy affect an ecosystem’s nutrient cycling
and primary production. This can lead to an dteration in the abundance, distribution, and age structure
of aspecies or population dependent on these microscopic organisms which can then lead to changesin
competition and food web interactions in other species. These ecosystem effects can be propagated to
gtill other populations, affecting their presence or representation within the ecosystem. An example of
indirect effects involves the aerid application of pesticides in Canada which dramatically reduced the
population of an aguatic insect. Thisimpact to the insect population indirectly affected wild ducklingsin
the ecosystemn which depend on the insects as afood supply (Sheehan et.d, 1987).

2.6 Sdection of Hazardous Air Pollutants (HAPS)

Section 112(b)(2) of the Clean Air Act Amendments of 1990 (the Act) established an initid list
of 189 specific toxic substances to be subject to potentia emission regulations described under other
parts of Section 112. Thislist of substances of concern, being written into law, is Smilar to a hazard
identification step for the air toxics program. EPA worked closdly with Congress to develop alist of
chemicals that were targeted by one or more Federa statutes or aready subject to state or local
regulations. Of the HAPsinitidly listed, 172 wereindividua chemicas and 17 were groups of
chemicas (i.e., compounds of 11 different metas, cyanide compounds, glycol ether compounds,
polycyclic organic matter (POM) compounds, fine minerd fibers, radionuclides and coke oven

8
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emissons).

The Act provided for revisonsto thislist by both addition and deletion. A HAP can be added
upon a showing that it is"known to cause or may reasonably be anticipated to cause adverse effectsto
human hedlth or adverse environmentd effects’. To remove aHAP from the ligt it is hecessary to show
that the HAP *“may not reasonably be anticipated to cause any adverse effects to human hedth or
adverse environmentd effects” Since the passage of the Act in 1990 only one HAP (caprolactam) has
been removed from the list, and none have been added. There are currently 188 HAPs listed
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3.0 What is Dose-Response Assessment?
- What type and how much exposure may be har mful?

Asan integrd part of the risk assessment process, dose-response assessment provides a
numerica bassfor trandating exposure information (described in section 4) into an evauation of risk.
The dose-response assessment answers two questions about a substance' s potentia to cause adverse
hedth effects. Fird, what isthe adverse effect (i.e., “response’) that occurs at the lowest exposure (or
dose) a which an effect is observed? Thisresponseis caled the “critica” effect. Second, what isthe
quantitative relationship between exposure and adverse effects? This association istermed the “dose-
response” relationship. It is often expressed as a graph that shows exposure (i.e., “dosg’), on the
horizonta axis and proportion of individuas (either humans or laboratory animals) showing the critical
effect on the vertica axis. With increasing dose more individuas will show the effect and the rate of this
increased response with increased dose is the dope of the “dose-response”. Alternatively, we may
graph the different levels of effect such that increasing dose results in increasingly more severe effects,
Toxicologists often fit a mathematica modd to the dose-response graph in order to make predictions of

The Analysisis Different for Cancer and Health Effects Other than Cancer

Thetype of dose-response assessment devel oped for a substance depends on whether it has been
determined to cause cancer or a policy decision on its mechanism of action. Substances which cause cancer are
treated differently than those causing health effects other than cancer. In assessments performed to date, EPA
has treated nearly every non-carcinogenic substance as having athreshold for adverse effects, and nearly
every carcinogenic substance as having no threshold.

Dose-response relationship for cancer. [graph toright] In j Cancer
the absence of clear evidence to the contrary, EPA assumes T Response
that there are no exposuresthat have "zerorisk" -- evena |
very low exposure to a cancer-causing pollutant can increase
the risk of cancer (albeit asmall amount) -- and that the
relationship between dose and responseis astraight line --

for each unit of increase in exposure (dose), thereisan Linear extrapolation
increase in cancer response. T

Observed
data

to zero risk

\J

Dose-response relationship for noncancer effects. [graph to | |
right] A dose may exist bel ow the minimum health effect Naeca
level for which no adverse effects occur. EPA typically
assumes that at low doses the body's natural protective
mechanisms repair any damage caused by the pollutant, so
thereisnoill effect at low doses. Even long-term
(“chronic”) exposures below the threshold are not expected -
to have adverse effects. However, for some substances -
noncancer effects may occur at low doses. The 4 -~
dose-response rel ationship (the response occurring with I

increasing dose) varies with pollutant, individual -+ £

sensitivity, and type of health effect. ~

.‘. NMoncancer
Raeponss
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effects for doses that have not been tested. For risk assessment, we use the dose-response for the
“critica” effect to estimate the exposure leve a which adverse effects would not be expected to occur

in people.

As some HAPs are chemica groups (e.g. cadmium compounds), this andysis must be
performed for al members of the group. When evauating exposures to these HAPS, it isimportant to
ascertain which group members are present so that the potential risks of the rlevant chemicads are
assessed.

3.1 Dose-Response Assessment for Carcinogens

In order to compare relative risks of possible, probable and known carcinogens, EPA and
other agencies assgn numeric estimates of carcinogenic potency or unit risk using the available dose-
response information.  In identifying the most gppropriate study on which to base caculation of these
vaues, we identify the most representative results (e.g., human or primate sudies, if available) or the
mogt sengitive results (e.g., studies showing an increase in tumors a the lowest exposure levels). We
then give preference to long-term studies over short-term ones, to studies using an appropriate
exposure route (e.g., inhdation exposure for developing an inhaation potency vaue), and to sudies
showing aclear pattern of increasing tumor formation with increasing dose or exposure level.

When we rdy on alaboratory anima study in this andys's, the exposure levels must be
trandated to human equivaent levels. For inhdation exposures, this step, in addition to accommodating
any rdevant differencesin physiology between animas and humans, involves trandating the exposure
concentration used in the sudy from the conditions of the lab anima or human occupationa study (e.g.
8 hrsaday, 5 days aweek, over 2 years) to the corresponding concentration for a continuous
exposure over ahuman lifetime. For ingestion exposures, the dose must dso be trandated to account
for physiologicd differences between humans and animas. When the requisite data are available,
“physiologicaly-based pharmacokinetic” (PBPK) modding may be used to assist in the conversion of
animal exposure to human exposure. Once trandated to human doses or exposure concentrations, the
dose response relationship is examined usng a mathematica model.

In fitting a dose-response modd, we assume (unless there is evidence to the contrary) that no
threshold exposure exists for cancer. This means that, in the absence of other evidence, thereis
assumed to be no level of exposure that does not carry arisk of cancer development. This assumption
is based on a science policy decision that arises from what we currently know about the processes by
which chemicals cause cancer. Many carcinogens (or their breakdown products) work by interacting
directly with DNA to cause genetic mutations that eventudly lead to tumor formation. By this theory,
the somewhat Smple implication is that, a Sngle mutation can begin a process that eventudly resultsin
cancer. Because of the body’s DNA repair mechanisms and other protective processes, aswell asthe
body’ s own spontaneous DNA muitation rate, the development of cancer is actudly much more
complex and not al carcinogens act through DNA interaction. However, the default assumption (i.e.
when there are no data indicating otherwise) isthat there is alinear relationship between exposure and
cance.

11
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Some chemical carcinogens have a*nonlinear mode of action”. One type of nonlinear action is
when cancer development is dependent on the chemicd first causing another hedlth effect, whichis
associated with athreshold exposure. Thus, for these chemicds, there are threshold exposures below
which cancer does not occur. If thereis adequate supporting evidence, a carcinogen may be assessed
as having a nonlinear mode of action. This assessment method is only recently being used and adequate
evidence for this assessment is not available for most carcinogenic substances . Consequently, few if
any of EPA’s cancer assessments are currently based upon athreshold assumption. Rather, astraight
line relationship was usudly assumed from the lowest dose that produced tumors in a study to a dose of
zero.

After fitting the modd to the dose-response data, the cancer potency vaue (or dope factor) for
the chemicd isdetermined, i.e. therate a which it is predicted that the probability of tumors increases
with increasing amount of chemicd. The dope factor is mathematicaly the dope of the line drawvn in
extrapolating from the observed data to
zero (seefigure). If animad data (or
human data of limited qudity) are rdied
upon for the dose response analysis, the AY_ ope tactor
gatistical 95 percent upper confidence Bx
limit on that dope (rather than the dope
itsdf) isused. EPA doesthisto minimize
the risk of underestimating the potency of
the substance. In other words, thereis
only a5 percent chance that the actua 10% - - e
dope factor could be greater than that 9_@@.9\?‘?% AYT
derived based on the animal dataand 0% D, 7 E0g
model used. In cases where good | - Do
human epidemiologic dataare avallable,
the dope factor may be based on the
datidicaly best fitting line of
extrapolation rather than the upper 95
percent confidence limit. When data support a different gpproach, a nonlinear method may be used.

Extrapolation Range Observed Range

Response

The dope factor from the linear goproach istrandated into a“unit risk”. The unit risk isthe
upper bound of the likelihood that an individua will contract cancer from a congtant dose of one * unit”
of the substance. Unit risks for inhdation are based on one microgram of the carcinogen per cubic
meter of air (ug/m®) (i.e., upper bound cancer risk per pg/nt of air concentration). Unit risks for oral
exposure are based on one milligram of the carcinogen ingested per kilogram of body mass per day
(mg/kg/d)(i.e., upper bound cancer risk per mg/kg/d of exposure). “Risk” isan estimate of probability
of experiencing an effect (cancer), with one equaing a certainty and zero an impossibility. Risk
edimates for environmenta exposures are typicaly very smal fractions, often expressed in scientific
notation. For example, an upper bound lifetime cancer risk estimate of one in ten thousand would be
given as 1 x 10*%; one in one million would be 1 x 10°.

12
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To understand the proper context of unit risks, it is crucia to remember the uncertainties
involved in their development, and the protective assumptions that EPA applies as away of addressing
these uncertainties. Firgt, assessments are often based on the most sengtive species, which, in order
that we are using a sengitive tool to identify carcinogens, may have been selected because of its
susceptibility to cancer. Second, because we are lacking information about the carcinogenic activity of
chemicas at low dose, in nearly every case results are extrapolated from high to low dosesusing a
conservative modd that may not be gppropriate for dl carcinogens. Third, the upper bound of the
modeled line of best fit is used usually used as the dope factor, rather than the best fit, to avoid
underestimating potency. Fourth, results may be extrapolated from anima species to humans based on
aconverson tha may not fit al carcinogens.

It isimportant to think of unit risks, and the cancer risk estimates that derive from them, as
upper bound estimates. Truerisks are likely to be lower, and may be zero. Such upper bound
estimates must not be confused with actuarial risks (e.g., the likelihood that a 45-year-old male
will die during the next year, as used to set life insurance rates) which are best estimates based
on actual observations of that event and consequently, have a high degree of accuracy.

3.2 Dose-Response Assessment for Chronic Effects Other Than Cancer

It is an axiom among toxicologists that al substances are poisons, if the dose is high enough.
Substances that do not cause cancer may cause awide variety of other damage, including impairment
of the nervous, cardiovascular, pulmonary, immune, and reproductive systems, and adverse effects on
fetal and child development. Asdready described, EPA nearly dways assumes that a substance hasa
threshold dose below which non-cancer effectswill not occur. The purpose of the dose-response
assessment for these effectsis to predict or estimate a dose that is below that threshold for humans.
Factors that must be considered in this evaluation are the severity of the effect, differencesin sengtivity
between humans and |aboratory animas, possible helghtened sengtivity of some individuds (e.g.,
children or people with respiratory disease), and the length of the exposure needed to produce the
effect.

In developing a dose-response assessment for non-cancer effects, toxicologists evauate the
available data for a substance in much the same way as for a cancer assessment. Studies of high-
qudity are selected, and the assessment is focused on the most gppropriate studies. Aswith
carcinogens, preference is given to long-term studies over short-term ones, to studies using an
appropriate exposure route (e.g., inhadation exposure for developing an inhalation reference levd), and
to studies showing a clear pattern of increasing frequency or severity of response with increasing dose.
The toxicologigts use the information to select the most sensitive species (when human data are not
adequate), and the “ critical effect” (i.e., the adverse effect that appears a the lowest dose at which an
adverse effect is observed).

Using the dose-response relaionship for the critica effect, toxicologists identify the highest
exposure that did not result in an effect (the *no observable adverse effect level” or NOAEL ) in the
studied population (either test animas or humans). If the data are of very high qudity, a dose-response
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modd may be employed to more precisely estimate that exposure. This estimate of the NOAEL is
caculated asthe gatigtica 5 percent lower confidence limit of the dose at which alow percentage
(usudly 5 percent) of individuas showed atoxic response. The sdection of percentage showing toxic
response s intended to coincide with the sengitivity limit of the experimental design (EPA 1995).

Next, as described earlier in the assessment Reference Concentration (RfC) for inhalation

for carcinogens, this exposure must be converted exposures, is based on applying uncertainty
into an equivdent lifeime exposure for humans, factors to effect levels from experimental studies
Thlg@Ulvdem I.|fet|meexp0wrelald |Sth€ﬂ A RfC = NOAEL / UF

divided by a series of applicable “uncertainty .

factors’ (usudly 3 or 10) to account for *

uncertainties in extrapolating from the type of study
serving as the bagis for the RfC to the Situation of

Effect Level
N

interest for the risk assessment (EPA, 1991a). ’7 ’ {* = Observed data }
Division by additional uncertainty factors (of 10 or o
3) may be performed to account for: RiC 7 St one " concentration

@ the lack of information on the difference
between humans and lab animas in how the chemicad behavesin the body. If the requidte data
are available and PBPK modeing is used, this intergpecies uncertainty factor may be reduced.

2 the possihility of the most sengitive subpopulation being more sengtive than the generd
population (i.e., intragpecies variadhility);

3 use of astudy which did not include an exposure level at which no effect was observed (a
NOAEL);

4 use of a sub-chronic study (much shorter than lifetime) in place of a chronic (lifetime) study; and
) use of an incomplete data base.

Before obtaining the find vaue, there may be an additiond divison by 3 or 10 (“modifying factors’) to
account for inadequacies of the critical study. Because of this procedure to address our lack of
information on the trandation from experimenta datato a human scenario (USEPA, 1994), the
resultant Reference Concentration (RfCY is for many HAPs on the order of 100 to 300 times lower
than the lowest concentration a which an effect was observed in the tested species. Thisreflects our
need to identify areference vauethat is protective of humans. For those HAPs that have had their

2EPA’sinhalation reference exposure for noncancer effects from achemical is called a Reference
Concentration (RfC) which is defined as “ an estimate (with uncertainty spanning perhaps an order of magnitude) of a
continuous inhal ation exposure to the human population (including sensitive subgroups) that islikely to be without
an appreciable risk of deleterious noncancer effects during alifetime” (USEPA, 1994).
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effects well documented in human studies, the RfFC may be much closer to the concentration a which an
effect was observed (e.g. within afactor of 3 to 10).

The concentrations or doses that emerge from this process are called “reference
concentrations’ (RfCs) or, for dietary exposures, “reference doses’ (RfDs). The reference
concentration (or dose) is defined as an “estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily exposure to the human population (including sendtive subgroups) that is likely to
be without gppreciable risk of deleterious effects during alifetime’. EPA includes with each RfC and
RfD a statement of high, medium, or low confidence based on the completeness of the database for that
subgtance. High confidence RfCs are congdered less likely to change substantialy with the collection
of additiond information, while low confidence RfCs may be especidly vulnerable to change (USEPA,
1994).

It isimportant to redlize that RfCs and RfDs are not estimates of the threshold dose for
noncancer effectsin humans. Rather, they are doses that, given the limitations of the database, are
consdered to have no sgnificant risk of adverse noncancer effects under lifetime exposure conditions.
There is subgtantia uncertainty surrounding the needed extrapolations from animad to human effects,
from high to low doses, from short- to long-term exposures, from effect- to no-effect-levels, and from
average to sengtive individuas. In each case the process by which EPA develops RfCs and RfDs has
intentionaly given the benefit of this doubt to the exposed public.

This means that while EPA believes that doses equal to or below the RfC or RfD are likely safe
from noncancer effects, it does not automatically follow that doses above this level are not safe.
That is, no adverse health effects are expected below these exposures. We cannot predict,
especially in degrees of severity, what might occur above these exposure points.

3.3 Availability of Reference Levelsand Unit Risksfor Chronic Exposure

EPA’ s various programs have responsbility for regulating many hundreds of toxic chemicals,
and it has not been possible to develop high-quality dose-response assessments for al of them. Some
substances lack the basic toxicity database needed for an assessment, while others, for which data are
adequate, have not yet been assessed by EPA due to resource limitations.

For substances that EPA has not yet assessed, the Agency often considers assessments
developed by agencies of other countries, other federd agencies, and states. Although some detalls of
cancer and non-cancer dose-response assessments may vary among these agencies (resulting in
somewhat different values), there is agenerd congstency among the methods. The following
paragraphs describe some common sources for reference levels and unit risks (or cancer dope factors).

EPA: EPA produces dose-response assessment information in several forms, based on the
leve of internd review received. EPA publishes dose-response assessments which have
achieved full intra-agency consensus on its Integrated Risk Information System (IRIS), available
on EPA’s Internet website (USEPA, 1998a). Assessments prepared by the EPA Office of
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Research and Development (ORD) that have not been approved by al EPA program offices
are often published as individua Agency hedlth effects assessment documents. The results of
many such assessments have been assembled, and are updated and circulated regularly, in
EPA's Hedlth Effects Assessment Summary Tables (HEAST - EPA, 19974). Interim
assessments that ORD prepares under short deadline pressure in support of specific regulatory
decisons are usualy sent only to the requesting program office (e.g the Superfund program),
and not published. Thistype of interim assessment information is sometimes used to fill critica
data gaps.

The Agency for Toxic Substances and Disease Registry (ATSDR): ATSDR, whichis
part of the US Centers for Disease Control, regularly publishes Hedth Guideines Comparison
Vaues (CVs) for many toxic substances. ATSDR describes CV's as media-specific
concentrations to be used by hedlth assessors in selecting environmenta contaminants for
further evduation. CV's are concentrations below which it is consgdered unlikely that
contaminants pose a health threat. Concentrations above a CV do not necessarily represent a
threat, and CV's are thus not intended for use as predictors of adverse hedlth effects or for
Setting deanup levels.

ATSDR's chronic duration minimum risk level (MRL) isthe CV that most closdy approximates
EPA’sRfD and RfC. An MRL isan estimate of daily human exposure to a substance that is
likely to be without an appreciable risk of adverse effects (other than cancer) over a specified
duration of exposure. ATSDR develops MRLs for acute, intermediate, and chronic duration
exposures by the inhdation and ord routes. The concept, definition, and derivation of MRLs
are consgtent with those of EPA's RfC and RfD. ATSDR publishes MRLs as part of its
toxicologica profile documents for each substance (ATSDR 1998).

Air Resources Board of the California Environmental Protection Agency (CalEPA):
CaEPA has developed dose-response assessments for many HAPs that have not been
evaduated by either EPA or ATSDR. These assessments contain information on
carcinogenicity, and hedlth effects other than cancer resulting from chronic and acute exposure.
The non-cancer information includes available inhdation hedth risk guidance vaues devel oped
by EPA or CAEPA, expressed as acute or chronic reference exposure levels (RELS). CAEPA
defines the REL as a concentration level or dose at (or below) which no hedth effects are
anticipated. Because this concept is substantialy smilar to EPA's non-cancer dose-response
vaues, RELs are useful tools for substances that EPA has not assessed. CalEPA's quantitative
dose-response information on carcinogenicity by inhaation exposure is expressed in terms of
the unit risk, defined smilarly to EPA's unit risk. CAEPA assessments tend to be somewhat
more protective than EPA’s but are often used by EPA where other unit risks are not available.
CaEPA’s methodology and va ues were subjected to an externa peer review processin 1995-
1996, and athough some individua vaues were judged in need of improvement, the
methodology was considered generdly smilar to that of the EPA (CAEPA 1996). Since then
Ca EPA has updated many of their values (CAEPA 1997a, 1997b) to further improve
consstency with the EPA and reflect current knowledge.
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I nternational Agency for Research on Cancer (IARC): IARC was established in 1965 by
the World Hedlth Organization, to coordinate and conduct research on the causes of human
cancer and to develop scientific strategies for cancer control. IARC performs epidemiological
and laboratory research, and disseminates scientific information through meetings, publications,
courses and fellowships. As part of its misson, the IARC assembles evidence that substances
cause cancer in humans and issues judgments on the strength of evidence. IARC's
weight-of-evidence categories are Group 1 (carcinogenic in humans), Group 2A (probably
carcinogenic), Group 2B (possibly carcinogenic), Group 3 (not classifiable), and Group 4
(probably not carcinogenic). The rankings may be gpplied to ether sngle chemicas or
mixtures (IARC 1998). EPA often relies on |ARC weight-of-evidence determinations for
substances that EPA itsalf has not assessed.

3.4 Dose-Response Assessment for Acute Effects

It has long been known that brief exposuresto smdl amounts of some chemicds (e.g.,
cyanide), can cause dramatic harm. Society has responded to this knowledge by diminating exposure
to those chemicals where possible, and by otherwise limiting exposure levels and times of exposure as
much as possible. Various regulatory agencies have developed short-term (acute) exposure guiddine
levelsto assgt in protecting people from potentialy extreme hedth effects.

Although episodes of short-term environmenta exposures causing drastic hedth effectsto the
public are relatively rare, they are notorious when they do occur, as with the 1984 incident in Bhopd,
India EPA (and other government agencies) have historically responded to the threst of acutely toxic
hazards through firdt, prevention (via proper storage precautions, etc.) and second, response planning
requirements. In the late 1980s, EPA recommended “levels of concern” (LOCs) to assst in response
planning for those chemicas identified as posing greatest threat in an accidenta release Stuation. Since
then, EPA, inits development of quantitative risk assessment methods, has focused on chronic (lifetime)
exposures to much lower levels of chemicas. Recently, however, EPA is engaging in severd activities
to insure that our tools (including exposure guiddine vaues) for assessing potentia hazard from short-
term exposures are adequate.

Leves of concern (LOCs) for chemicals listed as “ extremely hazardous substances’ under
Section 302 in the Superfund Amendments and Reauthorization Act (SARA) were recommended by
EPA in 1987 (EPA 1987). The LOCswere derived by dividing by 10 the Immediately Dangerous to
Life and Hedlth (IDLH) vaues set by the National Ingtitute for Occupationa Safety and Hedlth as 30
minute levelsto guide the need for arespirator. EPA’sdivison of IDLH vaues by 10 was intended to
recognize that the IDLH vaues were st for the hedthy worker population rather than the generd
population, that the 30 minute exposure period may not be redigtic for accidenta releases for which
LOCs were needed and that LOCs needed to protect against serious, yet reversible injury for which
IDLH values may not be protective (EPA, 1987).

Unlike the one-time development of LOCs in 1987, the American Industrid Hygiene
Association routingly develops and updates short-term exposure (1-hour) exposure levels caled
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Emergency Response Planning Concentrations (ERPGs), which aong with LOCs are utilized in the
response planning for accidental releases required by the Clean Air Act (EPA, 1996b). Recently,
USEPA’s Office of Prevention, Pesticides and Toxic Substances convened a National Advisory
Committee (NAC) to develop Acute Exposure Guideline Levels (AEGLS). The NAC/AEGL
Committee is a discretionary Federa advisory committee that combines the efforts of stakeholders from
the public and private sectors to promote efficiency and utilize sound science. AEGL s for a substance
take the form of amatrix, with separate ambient levels for discomfort, serious effect, and lethdity. Each
of these three effect levels are provided for four different exposure periods, typicaly 30 minutes, and
one, four, and 24 hours. The NAC published an initid priority list of 85 chemicasfor AEGL
development in May 1997, and has thus far proposed AEGL s for gpproximately 20 HAPs. AEGLs
for 8 HAPs were published in the Federal Register in October 1997 (USEPA 1997b) and await fina
gpprova by the Nationd Academy of Sciences. These new guiddine levels, asthey are findized, are
to be used in place of LOCs and ERPGs by federd, state, and local agencies and organizations in the
private sector in emergency planning, prevention, and response activities (USEPA 1996b).

EPA’ s Office of Research and Development is currently developing an acute exposure
methodology intended to be directly comparable to that used for RfCs (USEPA, 1998b).

3.5 Screening Valuesfor HAPs

Many EPA decisions concern the selection of those specific substances, and releases or
environmenta levels of those substances, on which to focus increased attention and andysis. The EPA
Office of Air and Radiation bases decisions about what HAPs or HAP sources to study in depth on
screening-level analyses of hedlth risk that incorporate a smplified verson of EPA’ s risk assessment
procedures. These smplified risk assessments often use “risk based concentrations’ (RBCs) or “hedth
based benchmarks,” expressed as concentrationsin air (for inhalation risks) or dose per body mass (for
risksviafood or drinking water) as the screening vaues (Smith 1996).

RBCs are smply the concentration (or dose) of a HAP that, when assumed to be inhaled (or
ingested) over alifetime, trandates to afixed leve of inhaation (or ord) risk to an average person. Any
fixed leve of risk can be used. For example, RBCs may be set a an exposure that, when lifetime
exposure is assumed, equa aone in amillion upper bound excess lifetime cancer risk or the RfC or
RfD. The use of RBCs provides advantages for the risk assessor. Firg, it places dl HAPs on the same
scae, and, for cancer based RBCs, provides concentrations trandating to the same level of risk. By
comparing ambient levels of HAPs with these concentrations, the risk assessor can quickly determine
which HAPs may be most likely to create the grestest hazard. RBCs can dso be used with HAP
emisson rates to adjust for the vastly different toxic potentias of different substances, enabling more
meaningful comparison of different HAP emissons.  Additionaly, RBCs place cancer and non-cancer
endpoints on the same measurement scale (e.g. ug/n?, air concentration), enabling development of a
sngle set of prioritiesfor both. Astherisk leve (inherent in setting cancer based RBCs) isarisk
management decision, its salection needs to be carefully considered when using RBCsin thisway.

As dready discussed, EPA has not devel oped dose-response assessments for many HAPS,
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and therefore, may, for screening level evaluations, aso use assessments developed by certain other
regulatory agencies. We recognize that these various reference values and unit risks were created at
different times, based on smilar but not identica protocols, sometimes intended for different purposes,
and subjected to varying types of review. Nevertheless, we consider their use defensible for
screening-level analyses involving many HAPs because the dternativeis, for some HAPsto use no
information at dl, a de facto assumption of negligible toxic potential. Such a practice could create fse
negatives (i.e., an incorrect concluson that a HAP poses negligible risk) that may be unacceptable at
the screening level. While using vaues of varying background, conversely, has the potentia to cregte
fdse pogtives (i.e, identifying aHAP as a priority when it poses negligible risk), these are preferable to
fase negativesin screening analyses. False positives, if they occur, can be addressed in the subsequent
more detailed andysis of the smaler HAP group.

Recent EPA screening-level andyses for air toxics, such as the Cumulative Exposure Project
(Woodruff, 1998) and the identification of HAPs for proposa under the urban air toxics program
(USEPA, 1998c¢), have used RBCs (or health based benchmarks) based on dose-response
assessments from a variety of sources. In each case the sources were prioritized according to
applicability, conceptua congstency with EPA risk assessment guidance, and leve of review received.
Even when we relied on multiple sources for assessments, alack of toxicity information prevented us
from evaduating a substantid number of HAPs.
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4.0 Exposur e Assessment
- How are we exposed to HAPS?

Exposure to environmenta pollutants is determined by the concentration of that pollutant in
various environmenta media (i.e, air, soil, water, food), and the contact of an individua with that
media. Since concentrations in the environment vary from place to place and over time, it isimportant
to know where and how long people spend their time. Through modeling and monitoring, the ambient
concentrations of the pollutants can be estimated geographicaly and temporadly. Exposure and risk to
human populations via the inhdation route and through secondary exposure routes (such as food and
water contaminated by deposited pollutants) involves
combining pollutant concentration information with
information on the geographic digtribution of peoplein
the study area. Actual exposure (or dose) is
principaly defined by the concentration to which the %&i
individud is exposed, time spent in various micro
environments®, exposure duration, and an individua's
activity pattern which may influence such things as
inhaation rete.

A person's exposure depends on the concentration
within a location (microenvironment) and how long
a person spends in each microenvironment

Fraction

4.1 Monitoring (Exposure M easur ement)

The most accurate way to determine a
person’ s exposure is to measure the concentrations of a pollutant in the environmental mediawhich a
person comes in contact with, elther through ambient air monitoring or persona exposure monitoring.

Personal Exposure Monitoring: Persona exposure to toxic pollutants may be determined through
direct measurement techniques. In direct measurement, chemical concentrations contacting a
person's body are measured, sampling the air the person breathes (where the collection medium
is positioned in or as near has possible to the bregthing zone for the most accurate results), the
food and water the person consumes, and by using patch or other techniques to estimate
derma exposure. These concentrations are measured as afunction of timeto obtain an
individua exposure profile. A set of these individua profiles can be pooled or grouped together
to paint a picture about the exposure profiles of the population as awhole, provided the
individuals sampled are representative of the entire population (U. S. EPA, 1988). Persond
monitoring is not usudly feasible for large study areas or populations because of the Sgnificant
expense and technica difficultiesin measuring dl individuas, or to sdlect individuas for
monitoring who are representative of the general population (U.S. EPA, 1992b). Furthermore,
persona monitoring cannot attribute the contribution of specific sourcesto overal exposure.

Ambient Monitoring: Ambient monitoring is useful because the data can be applied to alarger

3A microenvironment isa place where the pollutant concentration is considered uniform.
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population. Outdoor fixed-location monitoring identifies the generd concentrations and trends
in concentrations at that location over time. Asthe distance from that location increases, the
certainty of how that data applies to other locations decreases (U.S. EPA, 1992b) . However,
this method, referred to as ambient air monitoring, can evauate the overal quadity of outdoor ar
inardatively large area by usng a network of fixed Ste monitors. Monitoring networks may
be designed to characterize the ambient concentrations resulting from the emissons of a
particular source, or may be designed to characterize the overal background concentration in
an aea. Practicad congderations, such as Ste accessihility, availability of dectric power, and
security are dso considered. Because ambient concentrations can vary widdy within a sudy
area, the location of monitorsis critica in properly characterizing exposures. Sampling to
isolate a particular facility's contribution to the ambient compodtion of ar toxics will require
smultaneous sampling of meteorologica variables (notably wind direction) to determine when
the air sampled by the monitor is representetive (i.e., coming from the direction of the facility).
The number of gtations required to obtain representative characterization will depend on the
loca meteorology and terrain and the Size of the area to be characterized, aswdll as other
factors.

Ambient air monitoring results are used in conjunction with data on sources, environmentd
processes, target organisms, and activity patterns to estimate exposures. Monitoring may aso
be carried out in specific micro environments which affect peopl€ s exposures. Examples
would be an automobile in heavy traffic, or akitchen while cooking.

4.2 Modeling (Exposur e Assessment)

There is condderable expense and technicd difficulties in conducting detalled exposure
assessments using ambient air and persona exposure monitoring. Due to differencesin chemica
properties, afixed ste monitor can not often measure dl pollutants. Asaresult, even when monitoring
occurs, we typicaly do not have coverage across dl HAPs. Therefore, moddling (often called
Exposure Assessment) is the most common gpproach to estimate exposures within a population.
Exposure assessment has four mgjor components: emissions or source characterization, environmental
fate and trangport, characterization of the study population, and exposure caculation.

4.2.1 Emissons or Source Characterization

Pollutant emissions are characterized in the early stages of arisk assessment to identify and
quantify the amount of each specific chemica released to the environment. Once the quantity of
emissions has been estimated, potentia exposure of the study population can be assessed.  Pollutants
may be released in indoor and outdoor environments from a wide variety of sources and activities.
OAQPS regulatory standards for HAPs typically focus on Stationary sources of emissions released into
an outdoor atmosphere. For use in human exposure models, afull emissons characterization requires
addressing three different types of data: rate of emissons, source release parameters, and chemica

speciation.
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Emissions Estimates. Chemicd emissons aretypicaly defined in terms of the mass released to the
atmosphere over time. Emissions rates may be expressed on an annua basis to assess chronic
exposure, or on a short-term basis to estimate more acute exposures. The most accurate
information can be obtained from a carefully planned and conducted emissons test; however, it
may not be feasible to test al the sources for which estimates are desired. If adequate test data
are not available, emissions estimates may be derived from reliable and representative emisson
factors (quantity of pollutant typicaly released to the atmaosphere with a particular source
operation) or mass-ba ance (unaccounted-for mass after tallying the quantity entering and
leaving afadility) data

Source Release Parameters. Knowledge of the release characteristics are needed in addition to
emission rate in order for the pollutant fate and trangport to be estimated. Modding of
emissions released from a stack requires knowledge of the stack height, inner stack diameter,
gas exit velocity or flow rate, and gas exit temperature. For facility area sources (e.g., storage
pile fugitives or emissons from ponds), the dimensions of the area source should be identified.
While point source emission rates are expressed in terms of mass per unit time, area source
emisson rates are more typicaly modeled in terms of mass per unit time per unit area. Another
important congderation in pecifying the source emisson rates is whether the rates should
reflect short-term or annua operating conditions. Thiswill depend on whether the focus of the
assessment is on acute or chronic exposure.

Chemical Properties and Speciation: Chemica properties and speciation are important for severa
reasons and can influence the overdl risks attributable to HAP releases. Chemica speciation
may affect how ardeased chemica may be subject to various chemicd transformation and
remova processes which would influence the potentid for estimated exposure, or differ in ther
relative toxicity and influence the potentia for adverse hedth effects.

4.2.2 Environmental Dispersion and Fate and Transport Modeling

Once the pollutants of interest and their rates and sources of emission are defined, the process
of conducting arisk assessment continues with estimation of the pollutant fate and transport. Pollutant
emissons are trandated into concentrations to which the study population is ultimately exposed. The
concentration of a pollutant usualy decreases asit travels from the location of the release because it
spreads or is diluted by clean air and influenced by atmospheric transport and dispersion, and chemica
transformation and deposition processes.

Atmospheric Transport and Dispersion: After air pollutants are released to the aamosphere, their
transport and dispersion are governed by fundamental meteorologica principles, aswell as
source-rdaed characterigtics. Initidly, the diffuson of pollution is largely determined by the
source release characteridtics, particularly the effective height of rdlease. This effective height is
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acombination of the physica
release height and any additiona
rise which may be dueto
buoyancy or momentum effects (in
the case of dationary point A—'B

D|sperS|on —  Transformation Wet Deposition

sources). Buoyant riseis driven
by the temperature difference
between the stack gas and the o De"“‘“”X*, /// / //

ambient ar and the gas volume
flow rate. Momentum riseis

directly proportiond to the stack Air toxics, once released to the environment, are

exit velocity and stack diameter influenced by numerous physical and chemical

and is Sgnificant when little processes which affect their concentration.
temperature difference exists

between the stack gas and ambient air. Wind and turbulence are important meteorological
factors affecting pollutant dispersion. Pollutants are naturaly trangported with the wind and are
diluted with increasing wind speed. (Anincrease in wind speed can dso lead to suppression of
plume height, augmenting plume impact a ground level.) Dispersion by circular motions
(eddies) of varying Szes in the aamaosphereis the principa means of turbulent mixing. A widdy
used mathematical models to describe the transport and fate of pollutants released to the
atmosphere is the Gaussan plume modd, where pollutant concentrations in the Gaussan mode
are assumed to be directly proportiona to the pollutant emission rate and are diluted at arate
inversaly proportiond to the wind speed at the height of release. Concentrations within the
plume are assumed to exhibit anorma or Gaussian distribution in the horizontal and vertica
directions and are, thus, afunction of the receptor height and crosswind distance from plume
centerline.

Wind direction—#=

Pollutant Transformation and Deposition: A pollutant's degree of chemica reactivity may be an
important consderation; atmospheric chemical reactions may lessen the pollutant concentration,
through its transformation to other products, or conversely its concentration may be increased
through its formation from other compounds. Pollutant emissions are dso subject to other
remova processes, particularly dry deposition and scavenging by rain and clouds. These
remova processes may sgnificantly affect the fate of hazardous pollutants released to the
atmosphere. Dry deposition involves pollutant trangport to the earth's surface and subsequent
physical and chemical interactions between the surface (including plants) and the pollutant.
Precipitation scavenging or wet deposition, is afunction of the intensity and size of the raindrops
and the solubility and reactivity of the chemical. For nonreective gases, solubility isthe most
important physical property to consider.

4.2.3 General Population Characteristics

In order to estimate aggregate population exposure, one must identify how people are
digtributed within the area of interest. Depending on the scope of the assessment and the extent to
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which hedth effects data are known for the pollutant(s) of interest, information about age, sex and
activity patterns may be needed. Determining how to characterize the study population will depend on
the scope of the assessment and the level of available information on the population of interest.
Information may be needed on the demographics of the population (such asthat found in the US
Census), time-activity patterns to determine time spent in various micro environments (i.e., population
mohbility), and land use data which may influence mobility and indirect exposures.

U.S Census Bureau Data: The U.S. Bureau of the Censusis the mgjor source of demographic and
geographic information. U.S. Census data, collected and revised every decade, provide a
complete population count of the entire United States population and more detailed population
and socio-economic characteristics for a subset of the entire population. Census data are
organized according to geographical area. Data collected by the Census Bureau provides
population counts down to the most detailed categorization at the block level (essentidly city
blocks), to larger units which are less detailed including the block group level and the Census
tract leve (containing about 5000 persons on average).

Population Mobility. Exposure over agiven time period isafunction of the amount of time the
population is estimated to be in various micro environments and, therefore, depends on the
movement of people from one place to another. In agenera sense, population migration may
be categorized as indoor-outdoor, within the study area, and out of the study area. Population
movement may be achieved through the assgnment of population cohorts (total population or
specific subgroup) to various micro environments based on a prescribed activity pattern.

Land Use Data: Land use data are typicaly presented in map format and can be used to identify
where people are located. Population density can be determined by correlating people with
land use type (e.9., resdentid, commercid). Land use maps obtained from county planning
commissons will generaly ddineate various resdentid, public, commercid and industrid aress.

4.2.4 Exposure Calculations

In exposure cdculation, the pollutant fate and trangport dements are combined with the
population characterization ements to estimate human exposure. The predicted pollution
concentrations from disperson models are combined with population data. Risk assessments for
routine air emissions from stationary sources typicaly focus on cancer and noncancer hedlth effects
resulting from chronic exposures. The average lifetime exposure is the measure of interest in such
gudies. Various units can be used to express average lifetime exposure. The units selected partialy
depend on the form of the dose-response model output, since the exposure assessment and dose-
response assessment must be combined in the risk characterization step. When the dose-response
assessment is expressed in the form of a Unit risk Estimate (URE) (i.e., risk per pg/m? or ppm ambient
concentration), then the lifetime exposure should be expressed in units of ambient air concentration
(average pg/m?® or ppm). The general equation for lifetime exposure would be (U.S. EPA, 1989):
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Lifetime Exposure= 3 [(Ambient air conc) x (duretion)]
Lifetime (70 years)

Inhaation exposure can aso be expressed in units of lifetime average mg of pollutant inhaed per kg of
body weight per day. The generd equation for expressing inhalation exposures in these unitsis.

Lifetime Average = 3 [(Ambient air conc) x (duration) x (inhaation rete)]
Inhaation Exposure Body Weight x Lifetime (70 years)

Inhalation rates vary depending upon exertion level, sex, and age. Ranges of measured vaues are
presented in the literature (U.S. EPA, 1985). Common default vaues (which are inherent in the URE
approach) are 70 kg average adult body weight and 20 m?/day inhadation rate,

4.2.5 Indirect Exposure Assessment

Severd of the HAPs (e.g., mercury, dioxins) are known to be persistent and bioaccumulate in
the environment and are known to be toxic viaord or dermd routes of exposure. Asaresult, risks
from HAP ar emissons may not be limited to direct inhaation exposures but may aso include risk
associated with indirect exposures to other contaminated media HAPs originally released into the air
may deposit on water or soil. Risk may then be associated with exposure (ingestion) of these
contaminated media. Furthermore, these pollutants may aso bioaccumulate in the tissues of plants and
animds of the food stock and ingestion of these would aso result inrisk. For some pollutants (e.g.,
mercury), these indirect exposures have been shown to dominate risks associated with direct inhdation.
Therefore, multimedia, multipathway modeling of these indirect exposures are essentia to obtain an
accurate estimate of risks associated with HAP air emissons. To estimate exposures, modeling is often
required in each of the environmental media which may become contaminated and to which people may
be exposed. Asaresult, modeing is often needed to account for pollutant trangport in soil and water,
aswdl asthrough the food chain. Once this is accomplished, estimates can be made of exposure via
ingestion of contaminated media
Transport in Water and Soil Media: In water /;:iénsc'scumﬁ\:f‘éfhf’e”é:m?ﬁdaff’net‘f:ﬁﬂ;ﬂj:

bodies the pollutant movement may be the

result of flow (transport out of the area of

initial depogition) such as down ariver or &

dream, or may deposit in dow moving

water to the bottom of the water body or

sediment. The sediment bed underlying the Py st s ol o

water body acts as both a source and sink sl T and colct e polant i e s

of dissolved and particulate pollutants.

Many organic chemicas and heavy metas

partition to the organic and clay fraction of

the sediment bed. Estuaries, lakes, and
reservoirs tend to deposit pollutantsin sediment, whereas rivers or streams tend to reentrain

Some HAPs are known to be persistent and
bioaccumulate in the environment
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previoudy deposted materid. In surface water models, deposited pollutants generdly enter a
water system from runoff, precipitation, and groundwater discharge and exit by evaporation or
downstream flow. Modds are used to smulate the transport and fate of organic chemicalsin
surface water environments. These models account for externa loadings, transport processes
that digtribute the chemicas and export them to other water bodies or study areas, and
transformation processes (such as photolysis, hydrolysis, biolysis and oxidation) that convert the
chemicals into daughter products (U.S. EPA, 1990).

Soil compartment models commonly stratify the soil column into two or more layers. The upper
soil layer typicaly contains the most decomposed plant matter. The lower soil layer is often
defined as the unsaturated zone between the upper soil layer and the water table. The depths
of these layers can vary draméticdly in various locations. Some modes assume no unsaturated
Zone as aworgt-case scenario; in this case, the pollutant goes from the upper layer directly into
thewater. The soil layers are characterized by parameters, such as depth, bulk density (dry
s0il mass per unit volume), porogity, water content, and organic carbon fraction. Pollutants
introduced into the upper layer are removed by chemica transformation, volatilization, runoff,
uptake by plants, and downward leaching. Chemicd transport to alower soil layer is estimated
by the product of the recharge rate (liters/year) and the pollutant concentration (mg/liter) in soil
water (McKone and Layton, 1986).

Uptake of Pollutants in the Food Chain: Cdculation of the concentrations of contaminantsin food is
acomplex process requiring the integration of physica, chemica, and biologica factors. For
example, plants accumulate pollutants via root uptake, direct deposdtion onto plant parts, and
ar-to-plant transfer of vapor-phase pollutants. Many factors affect the relative importance of
each of these, including:

1 plant type (leafy vegetables, exposed produce, such asfruits, protected produce such
asroot crops, grains, and forage);

1 pollutant type (organics or metas); and,

! duration of plant exposure (usudly defined as the growing season at the affected Site).

Pollutants also enter the food chain through animas. For example, cattle accumulate pollutants
by ingesting contaminated food and soil. To estimate the amount of pollutants in beef, the
amount of pollutant in the forage, grain, and soil consumed by cattle and the biotransfer factor
for each type of animd tissue must be calculated. Fish from polluted water are dso consumed
by humans. The daily intake from fish ingestion is caculated as the product of water
concentration of pollutant, bioconcentration factor (BCF), and fish ingestion rate (U.S. EPA,
1990). The BCF istheratio of the contaminant concentration in an aguatic organism to the
contaminant concentration in the water body.

Exposure Due to Ingestion Pathway: The methodology for assessing exposure due to the ingestion
pathway is less well-established than that for inhaation. Thisis due to the complexity of even
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occur in the vicinity of the pollutant source

or some distance away should contaminated food be transported to other locations or markets.
After contaminant concentrationsin food have been caculated, the lifetime consumption of each
food type must be caculated. It is necessary to determine the proportion of the diet that is
localy grown on commercid farms or in backyard gardens as compared to imported foods, as
well as the consumption patterns and locations of locally grown foods. In addition to foods, the
ingestion of water and soil isincluded in afood chain andyds. Soil ingestion is generdly higher
for very young children (ages 1 through 6) than for adults, and includes inadvertent ingestion as
well as abnorma soil consumption (pica). The target population may be evaluated with respect
to age, diet, and activities to determine the exposure to pollutants through various ingestion
pathways. Generdly, at least two populations are consdered: the average adult and the
average child. The definition of these "average’ individuas typically includes their body weight,
life span (or duration of childhood) and the length of time spent in the target area. However,
highly exposed and highly susceptible subgroups such as the sick, the ederly, pregnant women,
and nursing mothers should aso be considered.
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5.0 Risk Characterization
- What isthe extrarisk of health or environmental problemsfrom HAPs?

Risk characterization, the fina step in risk assessment, is primarily used to integrate the
information from the other three components and describes the nature and magnitude of human or
nonhuman risk and the attending uncertainties. Risk characterization describes why risk was assessed
the way it was in terms of choices made. Every risk assessment involves amultiplicity of choices and
options. In the risk characterization, the key strengths and weaknesses of the assessment are
described.

Two dements are required for full characterization of risk. Firgt, the characterization must
address quditative and quantitative features of the assessment. That is, dong with quantitative estimates
of risk, full risk characterization must clearly identify al assumptions, their rationde and the effect of
reasonable dternative assumptions on the conclusons and estimates. Second, it must identify any
important uncertainties in the assessment as part of a discusson on confidence in the assessment. This
gtatement on the confidence of the assessment mugt identify al mgor uncertainties and comment on
ther influence on the assessment. Risk characterization often serves as the link with risk management
and the uncertainty statement is important for severa reasons.

Information from different sources carries different kinds of uncertainty and knowledge
of these differences isimportant when uncertainties are combined for characterizing
risk.

Decisions must be made about expending resources to acquire additiona information to
reduce the uncertainties.

A dear and explicit atement of the implications and limitations of arisk assessment
requires aclear and explicit satement of related uncertainties.

Uncertainty analys's gives the decison-maker a better understanding of the implications
and limitations of the assessments.

5.1 Characterization of Risksto Human Health

Risk assessments are intended to address or provide descriptions of risk to (1) individuds
among the mgority of the population and those in the high end portions of the risk digtribution, (2)
important subgroups of the populations such as highly exposed or highly susceptible groups or
individuds, if known, and (3) the exposed population as awhole.

Individua Risk. Individua risk predictions are intended to estimate the risk borne by individuas within
a specified population or subpopulation. These predictions are used to answer questions

28



NOTE: This not formal guidance but is provided for informative purposes only, to assist in understanding
and performing risk assessments

concerning the affected population, the risk levels of various groups within the population, and
the average or maximum risk for individuas within the populaions of interest.

Central Tendency Estimates of Risk are intended to give a characterization of risk for the
typicd stuaion in which anindividud islikely to be exposed. This may be either the
arithmetic mean risk (average estimate) or the median risk (median estimate), either of
which should be clearly labded (EPA, 1992¢).

High-end Estimates of Risk are intended to estimate the risk that is expected to occur in a
amall but definable segment of the population. The intent isto "convey an estimate of
risk in the upper range of the distribution, but to avoid estimates which are beyond the
true digtribution. Conceptualy, high end risk means risk above about the 90%
percentile of the population digtribution, but not higher than the individud in the
population who has the highest risk.” (EPA, 1992¢)

Population Risk. Population risk predictions are

intended to estimate the extent of risk for
the population asawhole. Thistypicaly
represents the sum tota of individua
risks within the exposed population.

Senditive or Susceptible Subpopulations. Risk

predictions for sengtive subpopulations
are asubset of population risks.
Sengitive subpopulations consst of a
Specific st of individuaswho are
particularly susceptible to adverse hedlth
effects because of physiologica (eg.,
age, gender, pre-existing conditions),
socioeconomic (e.g, nutrition), other
demographic variables, or Sgnificantly
greater levels of exposure (EPA,
1992c¢). Subpopulations can be defined
using age, race, sex, and other factors.
If enough information isavalable, a
quantitative risk estimate for a
subpopulation can be developed. If nat,

Exposure and risk may vary
among an exposed population

Di=tribotion of Individual Risk

High rizk
Moderate risk

fffffffffffffff

Loy risk
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then any quditative information about subpopulations gathered during hazard identification
should be summarized as part of the risk characterization.

Because cancer and noncancer dose response assessment are dramaticaly different, risk

characterizations dso differ and will be discussed separately.
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5.1.1 Quantification of Cancer Risks

Risksfor cancer are generdly expressed as either individud risks or population risk. The
distribution of exposures and individua risks within a given population can aso be presented, providing
an estimate of the number of people exposed to various predicted levels of risk. For air toxics
emissons, individua or population cancer risks can be caculated by multiplying the exposure estimate
by the unit risk estimate (URE). Cancer risk is defined as the predicted probability of contracting
cancer following exposure to a pollutant at the estimated concentration over a 70-year (lifetime). This
estimated risk focuses on the additiond risk of cancer predicted from the exposure being analyzed,
beyond that due to any other factors. Estimates of risk are usualy expressed as a probability
represented in scientific notation as a negative exponent of 10. For example, an additiona risk of
contracting cancer of 1 chance in 10,000 (or one additiona person in 10,000) is written as 1x10™,

Population risk is an estimate that gpplies to the entire population within the given area of
andyds. The population risk is often expressed as a predicted annua cancer incidence, which isthe
annual number of excess cancer cases predicted in the exposed population. Each estimated exposure
level ismultiplied by the number of people exposed to that level and by the URE. Thisprovidesa
prediction of risk for that group after a 70-year exposure (assumed human lifespan) to that level. The
risks for each exposure group are summed to provide the excess cancer cases predicted in the entire
exposed population. This 70-year risk estimate is sometimes divided by 70 to estimate the predicted
annua incidence in units of cancer cases per year.

Before calculating individud or population risk; it is necessary to check the congstency and
vaidity of key assumptions such as.
the averaging period for exposure,
! the exposure route,
I absorption adjustments, and
! Spatia consstency.

People are often exposed to multiple chemicals rather than asingle chemicas. In those few
cases where cancer potency vaues and IURs are available for the chemica mixture of concern or for a
amilar mixture, risk characterization can be conducted on the mixture using the same procedures used
for asngle compound. However, cancer dose response assessments are usudly available only for
individual compounds within amixture. In such cases, the cancer risks predicted for individua
chemicals are sometimes added to estimate total risk. This approach is based on the assumption that
the risks associated with the individua chemicasin the mixture are additive. That assumption may not
hold true for dl carcinogens. The following equation estimates the predicted incrementd individud
cancer risk for smultaneous exposures to severd carcinogens:  Riskt = Riskq + Risky + ... + Risk;

(5-1)
where:

RT = thetota cancer risk (expressed as a probability of contracting cancer over a
lifetime)
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Ri= therisk estimate for the ith substance.

5.1.2 Quantification of Noncancer Risks

Asin the cdculation of individua cancer risk, risks of effects other than cancer can be
characterized for the individua (s) near centra tendency and those at the high end of the risk
digtribution. A digtribution of exposures and risks for the study population can aso be presented.
Unlike cancer risk characterization, noncancer risks typically are not expressed as a probability of an
individua suffering an adverse effect. Instead, the potentia for noncancer effectsis evauated by
comparing an exposure level over a specified period of time (e.g., lifetime) with areference level such
as an RfC (described in Sections 3.2 and 3.5).

“Risk” for noncancer effects is quantified by comparing the exposure to the reference level asa
ration. The resultant Hazard Quotient (HQ) is expressed as an equation: HQ=Exposure/Benchmark.
Exposures or doses below the benchmark (HQ<1) are not likely to be associated with adverse hedth
effects. With exposuresincreasngly greater than the reference leve (i.e. Hgs increasingly greater than
1), the potentia for adverse effectsincreases. The HQ, however, should not be interpreted as a
probability. Comparisons of Hgs across substances may not be vaid, and the level of concern does
not increase linearly as exposures approach or crossthe reference level. Thisis because of the
differences among reference levels in their derivation and the fact that the dope of the dose-response
curve above the benchmark can vary widely depending on the substance.

While some potentid environmenta hazards may involve sgnificant exposure to only asingle
compound, exposure to a mixture of compounds that may produce smilar or dissmilar noncancer
hedlth effectsis more common. In afew cases, reference levels may be available for achemica mixture
of concern or for asmilar mixture. In such cases, risk characterization can be conducted on the
mixture using the same procedures used for a single compound. However, noncancer hedlth effects
data are usudly avallable only for individua compounds within amixture. In screening level
assessments for such cases, a hazard index (HI) approach is sometimes used. This gpproach is based
on the assumption that even when individua pollutant levels are lower than the corresponding reference
levels, some pollutants may work together such thet their potentia for harm is additive and the
combined exposure to the group of chemicas poses harm. The assumption of dose additivity is most
gppropriate to compounds that induce the same effect by similar modes of action (EPA, 1986).

TheHI (for amixture of i compounds) iscalculated as. HI = HQ; + HQ, = ...+ HQ;

The HI should not be interpreted as a probability of risk, nor as gtrict delinestion of "safe" and
"unsafe’ levels (EPA, 1986; EPA/OSW, 1989). Rather the HI isarough measure of potentia for risk
and needs to be interpreted carefully. Although the HI approach may be gppropriate for a screening-
level study (EPA/OSW, 1989), it isimportant to note that gpplication of the HI equation to compounds
that may produce different effects, or that act by different mechanisms, could overestimate the potentia
for effects. Cdculating a separate hazard index for each noncancer endpoint of concern when
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mechanisms of action are known to be the same is scientifically more gppropriate (EPA, 1986).

5.1.3 Characterization of Uncertainty

Uncertainty can be introduced into a hedth risk assessment at every step in the process. It
occurs because risk assessment is a complex process, requiring the integration of:

I the fate and transport of pollutantsin a variable environment by processes that are often
poorly understood or too complex to quantify accurately;

the potentia for adverse health effects in humans as extrgpolated from animal bioassays,
and

the probatility of adverse effects in ahuman population that is highly variable
gendticdly, in age, in activity leve, and in life Syles

Even using the most accurate data with
the most sophisticated modds, uncertainty is
inherent in the process. There are severd
different types of uncertainty. Oneisthe fact that

There are many inherent uncertainties
in any risk assessment

Uncertainty about exposure

variables cannot be measured precisely (either —
because of a]l," pmmt limitations or because the Uncertainty about hazard L@
quantity being measured varies). A second type

of uncertainty is associated with avariety of )
models used in al phases of arisk assessment. e b
These include the anima models used as @‘
surrogates for testing human carcinogenicity as

well as the computer models used to predict the %&@
fate and trangport of chemicasin the

environment. The use of rodents as surrogates for humans introduces uncertainty into the risk factor
snce different species do not respond to toxinsin exactly the same way. Computer models are
amplifications of redity and some variables are excluded.

Variahility is another type of uncertainty, which is often used interchangeably with the term
"uncertainty,” athough thisis not grictly correct. The variability of a characteristic may be known with
absolute certainty. For example, the age distribution of a population may be known and represented by
the mean age and its Sandard deviation. The fact that ages do vary introduces uncertainty into
characterizing risk for that population. On the other hand, the age distribution may not be known; then
the variability associated with the population's age isin itsglf an uncertainty.

The degree to which dl types of uncertainty need to be quantified and the amount of uncertainty
that is acceptable varies. For a screening level andys's, ahigh degree of uncertainty is often
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acceptable, provided that conservative assumptions are used to bias potential error toward protecting
human hedth. Similarly, aregion-wide or nation-wide sudy will be more uncertain than a site-gpecific
one. In generd, the more detalled or accurate the risk characterization, the more carefully uncertainty
needs to be considered.

A complete risk assessment requires much of the data and information outlined in this
document. Although risk assessments have been performed for air toxicsin certain parts of the
country, there has not yet been a complete risk assessment performed on the air toxics problem
nationwide. There are, however, several anayses which have been performed on abroader scae.
These broader analyses, dthough not complete risk analyses, provide us with preiminary information
about the HAPs and geographic areas where air toxics risks are of most concern.

5.2 Ecological Assessment

Given that our firg priority has been protection of public hedth, our methods for evauating risk
posed by HAPsto wildlife or ecosystems are less well established than those for human hedlth.
However, as afirg step in addressing environmentad risks, EPA has developed a decison framework
which detailed a systematic iterative gpproach to the issue (USEPA, 1998d).

A specific application of thisframework is planned under the CAA mandated OAQPS residud risk
program. The OAQPS framework provides for atiered approach, the first of which prioritizes HAPs
based on their environmenta behavior, e.g. ability to persst, bio-accumulate, or exhibit acute toxicity.
HAPs meeting these criteria (i.e., exhibit atendency to persst, bio-accumulate, and/or be acutely toxic)
would undergo closer scrutiny in the second tier. Tier Two contains a more intensve evauation that
employs multi-pathway anaysis to estimate if, and to what extent, ecologica receptors (e.g. an oyster
fishery, awild duck population or a unique wetland community) may be exposed to HAPs. The
exposure and potentid impact is characterized and evauated againgt predetermined risk management
gods (i.e. edibility of oysters, sustainability of the duck population, maintainance of the integrity of the
wetland community). For those HAPs that are determined to pose a potentialy significant concern to
one of the ecologica receptors, amore detailed tier congsting of a Ste specific multi-pathway risk
assessment, or Smilar andyses, is performed. From thislast Stage a detailed characterization of the
environmenta risksis developed.
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